• What factors control the size and purity of single crystals? -Nucleation and Growth. If nucleation rates are slow and growth is rapid, large crystals will result. On the other hand, if nucleation is rapid, relative to growth, small crystals or even polycrystalline samples will result.
• What can be done to increase the growth rates?
-In order to attain the rapid growth rates needed to grow macroscopic crystals, diffusion coefficients must be large. Hence, crystal growth typically occurs via formation of a solid from another state of matter : (a) Liquid (Melt) Solid (Freezing) (b) Gas (Vapor) Solid (Condensation) (c) Solution Solid (Precipitation) • It should be noted that defect concentrations tend to increase as the growth rate increases.
Consequently the highest quality crystals need to be grown slowly.
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• What can be done to limit the number of nucleation sites?
Several techniques are used separately or in combination to induce nucleation of the solid phase at a slow and controlled rate : 
Zone Melting
• A polycrystalline specimen is prepared, typically in the shape of a cylinder and placed into a crucible, with a seed crystal near the top of the crucible.
• The sample cylinder is placed in a furnace with a very narrow hot zone (sometimes this is done using halogen lamps as heat sources).
• The portion of the cylinder containing the seed crystal is heated to the melting point, and the rest of the cylinder is slowly pulled through the hot zone.
• Zone melting setups are modifications of either the Bridgman or Stockbarger methods of crystal growth.
• Bridgman --Hot zone moves, crucible stationary Stockbarger --Crucible moves, hot zone stationary
Czochralski Method
• A seed crystal is attached to a rod, which is rotated slowly.
• The seed crystal is dipped into a melt held at a temperature slightly above the melting point.
• A temperature gradient is set up by cooling the rod and slowly withdrawing it from the melt (the surrounding atmosphere is cooler than the melt) • Decreasing the speed with which the crystal is pulled from the melt, increases the quality of the crystals (fewer defects) but decreases the growth rate.
• The advantage of the Czochralski method is that large single crystals can be grown, thus it used extensively in the semiconductor industry.
• In general this method is not suitable for incongruently melting compounds, and of course the need for a seed crystal of the same composition limits its use as tool for exploratory synthetic research.
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Wafer Technology
• It may appear rather trivial now to cut the crystal into slices which, after some polishing, result in the wafers used as the starting material for chip production. However, it is not trivial.
• While a wafer does not look like much, its not easy to manufacture.
Again, making wafers is a closely guarded secret and it is possibly even more difficult to see a wafer production than a single Si crystal production.
• First, wafers must all be made to exceedingly tight geometric specifications. Not only must the diameter and the thickness be precisely what they ought to be, but the flatness is constrained to about 1 µm. This means that the polished surface deviates at most about 1 µm from an ideally flat reference plane -for surface areas of more than 1000 cm 2 for a 300 mm wafer! And this is not just true for one wafer, but for all 10.000 or so produced daily in one factory.
• The number of Si wafers sold in 2001 is about 100.000.000 or roughly 300.000 a day! Only tightly controlled processes with plenty of know-how and expensive equipment will assure these specifications. The following picture gives an impression of the first step of a many-step polishing procedure.
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Chemical Vapor Transport -A polycrystalline sample, A, and a transporting species, B, are sealed together inside a tube.
-Upon heating the transporting species reacts with the sample to produce a gaseous species AB.
-When AB reaches the other end, which is held at a different temperature, it decomposes and re-deposits A.
If formation of AB is endothermic crystals are grown in the cold end of the tube. As the LHPG technique, the concentration C of each chemical species as a function of the pulled crystal length x is described by the following equation: C(.x) = C 0 [1 − (1 − k) exp(−πr 2 k x /V)] where C 0 is the dopant concentration in the feed and in the first liquid obtained, r is the radius of the pulled fibre, V is the volume of the melt and k is the equilibrium distribution coefficient given by the phase diagram.
we chose to pull the fibres at rates ranging between 20 and 33 mm h −1 . At the end of the growth, the fibres were annealed at 900 0 C for 8 h under an oxygen flow. Cross section of an a-axis oriented KLN fibre: (a) experimental cross section of a K 3 Li 2−x Nb 5+x O 15+2x , x = 0.24/ fibre: (b) idealized growth symmetry.
